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Noise and Stress:
A Comprehensive Approach
by Jack C. Westman* and James R. Walterst
The fundamental purposes ofhearing are to alert and to warn. As a result sound directly evokes
emotions and actions. The processing ofsound by the brain isoutlinedto provide a biological and
psychological basis forunderstandingthe way in which sound can become a human stressor. The
auditory orienting response, startle reflex and defensive response translate sound stimuli into
action and sometimes into stress induced bodily changes through "fight or flight" neural
mechanisms. The literature on the health and mental health effects of noise then is reviewed in
the context of an integrated model that offers a holistic approach to noise research and public
policy formulation. The thesis of this paper is that research upon, and efforts to prevent or
minimize the harmful effects of noise have suffered from the lack of a full appreciation of the
ways in which humans process and react to sound.
Introduction
The damaging effects of noise usually are re-
garded as limited to the structures of the ear
through impairing one's ability to hear sounds such
as speech and music. Often unappreciated is the
fact that noise has more pervasive physiological
effects (1, 2).
In the course of evolution, certain fishes devel-
oped organs of hearing to orient themselves in
space. In amphibians, vision provided the ability to
locate prey but was not sufficient in terrestial
environments to warn of other predators. Hearing
accordingly developed as an organ for perceiving
and responding to danger (3). Hearing also has
played a role in sexual mating behaviors in mam-
mals and even insects. These primitive functions
exist in humans as well.
From the outset sound has evoked emotions and
actions through the inner ear's direct connections to
"fight or flight" neural mechanisms via the auto-
nomic nervous system. Because of this defensive
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purpose, hearing also cannot be turned off, and
sound registers inthe brain even duringsleep. Only
later in primate evolution did the auditory system
include higher cerebral centers permitting the
appearance of spoken language.
The current usage ofthe terms "nonauditory" or
"extraauditory" is unfortunate. This distinction
designates as nonauditory the auditory system's
original, primitive influence upon wakefulness and
body activity. The auditory system and physiologi-
cal responses to sound are inseparably connected.
Therefore, all of the effects of noise on the body
mediated by the ears are "auditory" effects. More
precisely, the effects of sound on the body through
vibration of structures other than those of the
auditory system are "non-auditory" or "extra-
auditory."
Anotherbasic consideration inunderstanding the
functioning of the auditory system merits empha-
sis. The human auditory system was designed to
process the frequencies and intensities relevant to
survival in the sound environments of nature. The
evolutionaryprocesshasnotallowedhumansenough
time to adapt hearing to sounds generated by loud
modern noise sources. This meansthatthe auditory
apparatus is not prepared to cope with commonly
encountered urban and industrial noise. Conse-
quently, we find ourselves exposed to sound envi-
291ronments that overload the auditory system. An
analogous situation would occur in the visual sys-
temifwe were forced to lookat the sun and thereby
damage the retina.
The fundamental relationships ofhearing to emo-
tion and action and the auditory system's vulnera-
bility to modern sounds are not appreciated
sufficiently by the public. Research also has suf-
fered from alackofbreadth and depth in conception
resulting in contradictory findings. For example,
laboratory studies of healthy young people have
concluded that noise has no harmful psychophysio-
logical effects on humans. At the other extreme are
reports that jet aircraft noise increases psychiatric
hospital admissions.
We lack a comprehensive model to ensure that
research on sound includes the critical variables
that make it a significant source of human stress.
Much of the research cited in this paper suffers
from methodological inadequacies because noise is
but one of a number of variables affecting complex
human beings. Before delineating the system levels
involved in bodily responses to sound, we first will
outline the neuroanatomy and physiology of the
central processing mechanism of sound.
ADRENAL
GLAND
Neuroanatomy of the
Auditory System
An appreciation ofthe structural basis for physio-
logical and behavioral responses to sound can be
gained from knowledge ofthe neuroanatomy ofthe
auditory system (Fig. 1). The auditory pathways of
the central nervous system consist of direct path-
ways from the inner ear to the auditory cortex and
indirect pathways to the reticular activating sys-
tem which connect to the limbic system and other
parts of the brain, the autonomic nervous system
and the neuroendocrine system (4).
The direct auditory connections consist ofascend-
ing pathways which carry impulses excited by
sounds from the receptor cells in the organ ofCorti
to the auditory centers in the cerebral cortex.
These pathways end in the temporal lobe where the
sum ofincomingimpulses are consciously perceived
and interpreted. The ascending auditory pathways
travel along the auditory nerve via the cochlear
nucleus, superiorolivarycomplex, inferiorcolliculus,
nuclei of the lateral lemniscus and geniculate body
to anumber of areas in the auditory cortex which in
turn are connected to other cortical areas that
FIGURE 1. Processing of sound by the brain.
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well.
There also are descending pathways from the
temporal cerebral cortex to the dorsal cochlear
nucleus via the inferior colliculus and to the organ
of Corti via the medial geniculate body, inferior
colliculus and lateral lemniscus through the olivo-
cochlear bundle. These descending pathways have
inhibitory and, to a minor degree, excitatory
influences.
In addition to these direct pathways to and from
cerebral cortex, there are a variety of indirect
connections from the inner ear to the brain centers
that control basic physiological, emotional and be-
havioralresponses ofthe body. Nerve fibersbranch
out from the various synaptic junctions along the
direct auditory pathways to motor cell nuclei
subservingreflexes within the brainstem and tothe
reticular activating system in the midbrain.
Impulses reaching the reticular activating sys-
temexcite stillotherimpulses that spreadtohigher
cerebral centers that control alertness, cognition
and motor performance. At the same time the
reticular activating system conveys impulses to
hypothalamic autonomic nervous system centers
which are linked to the sympathetic-adrenal neuro-
endocrine system and thereby regulate the secre-
tionofthe catecholamines, adrenaline (epinephrine)
and noradrenaline (norepinephrine). Impulses con-
veyed by the reticular activating system also are
transmitted to the pituitary-adrenal neuroendocrine
system which secretes corticosteroids (cortisol).
The catecholamines play an important role in mobi-
lizing immediate adaptive resources of the body,
and the corticosteroids provide for more enduring
adaptation to prolonged stress (5). Thus, the audi-
tory apparatus is connected to the entire central
nervous system and the neuroendocrine system as
well.
Physiology of Sound
In conjunction with the other special senses, the
auditory system serves to maintain the arousal of
the brain projections tothe temporal cortex and the
reticular activating system via the limbic system
and the hypothalamus. In this way cognitive pro-
cesses and emotions interplay with sound stimuli in
influencing the state of consciousness.
The cerebral cortex requires a certain level of
arousal to make optimum use of incoming sensory
information upon which efficientbehaviorandphys-
iologicalfunctioningdepend (6). Neitherunderarousal
nor overarousal is conducive to effective perfor-
mance of physiological functioning (7). Sound can
improve performance ontasks which areinherently
underarousing, repetitive, and monotonous. Con-
versely, sound can impair performance on tasks
demandingconcentration and complicated responses
(8). Sound contributes to the homeostasis of the
centralnervous systemand consequentlyinfluences
the physiological homeostasis of the body through
the autonomic and neuroendocrine centers of the
hypothalamus.
The arousal level of the central nervous system
depends upon the intensity, complexity, variabili-
ty, predictabilityand meaningofsound stimuli. The
auditory system responds most to changes in the
timing of sound stimuli. Therefore, a transient
increase in the firing of auditory neurons may be
produced by the termination of a sound as well as
by its inception. Some neurons in the auditory
system respond to stimulus onset with a high rate
of impulse discharge, quickly cease firing, remain
silent while the stimulus is continued, and dis-
charge a second burst ofimpulses when the stimu-
lus stops. However, in a much larger number of
neurons, the rate offiring declines to a lower level
of activity shortly after the initial high frequency
discharge and then is tonically maintained during
long periods ofcontinued stimulation. These sound
stimulus-induced alterations persist after the stim-
ulation ceases (9).
The direct effects of certain sounds on emotions
and attitudes is illustrated by the fact that chalk
scraping on a blackboard can cause chill sensations
in a listener. Musical rhythm, tempo and melody
can evoke moods ranging from calmness to excita-
tion or elation. Music also can promote positive
attitudes toward work. The further influence of
higher cerebral cortical centers on the emotional
reaction to sound stimuli is illustrated by a study of
sound in hospitals in which one source ofannoyance
was staffconversations in the halls, not because of
undue loudness but because of the discussion of
patients (10).
Sound stimuli also influence the other sensory
systems. For example, sound input overload can
induce visual changes in color perception, cause
nystagmus and vertigo and even act as an analgesic
(11).
In summary, sound stimuli play a vital role in
maintainingarousalofthebrainandtherebyinfluence
the basic physiological functioning of the body.
Sound may influence the body after cessation ofthe
stimulusthrough reverberatingneural circuits within
lower and higher brain centers. In this way sound
can produce physiological reactions that develop a
momentum oftheir own independent ofthe original
stimulus.
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Orienting Response (Novelty Reflex)
The basic behavioral response to all sound stimuli
is the orientation reflex, which involves ascending
and descending auditory cortical pathways and is
reflected by an arousal pattern in the electroen-
cephalogram. The response orients the head and
eyes toward the source of a sound in order to ready
the organism to receive and respond to the sound
stimulus situation. There is an associated decrease
in auditory threshold and increased attention to the
sound stimulus.
The orienting response occurs to sounds oflow or
moderate intensity and significance. The person's
cognitive appraisal of the sound stimulus deter-
mines the intensity and duration of the orienting
response. It extinguishes, or habituates, after var-
ying repetitions so that the individual can accom-
modate to familiar and insignificant sounds with
relative ease and concentrate on a preferred activi-
ty. If an appreciable amount of time passes be-
tween repetitions of a specific sound, habituation
disappears and repetition of the same sound again
evokes an orientation response. Habituation usu-
ally does not occur if attention to a sound is volun-
tarily sustained orifasound has special significance,
either positive ornegative. Sounds ofclose to hear-
ing threshold intensity do not easily habituate,
probably because ofthe auditory system's difficulty
in assessing their significance.
Even after behavioral habituation has occurred,
sound stimuli continue to activate both cortical and
subcortical areas of the brain (9). This is in part
because excitation transmitted by the reticular ac-
tivating system continues to arrive in the cerebral
cortex afterthattransmission directly ceases. When
the decision is made not to orient to a sound,
descending cortical excitation actively restrains,
but does not eliminate, the reticular activating sys-
tem's excitation from spreading to higher areas of
the brain. After the orienting response to sound
habituates, there may be no change or an increase
in the amplitude ofthe electrical responses evoked
in the cerebral cortex and the medial geniculate
body. The reticular activating system and the struc-
tures that it influences continue to be affected by
sound even afterbehavioralhabituation has occurred.
This is not surprising because the organism's sur-
vival would be threatened by decreased altertness
to danger ifunattended stimuli were excluded from
cognitive appraisal.
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The second basic auditory response is the startle
reflex which is evoked by sounds of sudden, in-
tense, or frightening significance. The reflex has a
series ofcomponents. First, the middle ear muscle
reflexes viathe superiorolivetothetensortympani
through the fifth cranial nerve and to the stapedius
muscle through the seventh cranial nerve provide a
small degree of protection against sounds of ex-
tremely high intensity. The auropalpebral reflex
via the superior olive and the sixth cranial nerve
produces eye blinking. There also is opening ofthe
mouth and flexion of the neck via the seventh and
eleventh cranial nerves. More generally, there is
flexion of most muscle groups in a "freezing" pos-
ture with raising ofthe shoulders, abduction ofthe
arms, flexion of the fingers, contraction of the ab-
domen, and bending of the knees mediated by the
ascendingauditory and descendingcerebralcortical
motor pathways. The typical reflex is completed in
less than one second.
Those components ofthe startle reflexthatreflect
cerebral cortex activity are subject to habituation
or enhancement, however, those involving lower
centers in the brainstem are not. The startle reflex
accordingly can be decreased by anticipation, in-
creasedbybackgroundsoundlevelsandexaggerated
by emotional states such as fear.
The Defensive Response
("N" Response)
Although usually an extension ofthe orienting or
startle responses, the defensive response merits
separate consideration because it can occur inde-
pendently of them and does not require sounds of
high intensity. Thisresponse is produced by sounds
ofsufficient intensity, significance or duration to be
perceived as threatening and to mobilize a "fight or
flight" reaction. The response includes alerting of
the cerebral cortex, emotional arousal, and prepa-
ration ofthe body for action (12).
Sounds in the range of 70 to 120 dB can produce
the defensive response which appears first in the
form ofskeletalmuscle tensionthat quickly reaches
its peak and decays within a few seconds. Next
there is a decrease in skin electrogalvanic resis-
tance which changes more graduallythan the skele-
talmuscle tension. Pupillary dilation occurs as well.
A variety ofcirculatory responses are next in order:
first an acceleration of pulse rate and decrease in
pulse pressure, then a constriction ofthe finger and
dilation of the chin blood vessels, followed by a
slowing ofpulse rate and an increase in pulse pres-
sure. Finally in the series comes a shift to slower,
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cludes areduction in salivary and gastric secretions
and slowing of digestive processes (4).
The defensive response largely involves the sym-
pathetic nervous system but has some parasympa-
thetic aspects. This response is not limited to a
single organ system or structural division of the
nervous system. It occurs independent ofemotional
response on the part ofthe subject. It is altered by
sound intensity and band widthin adose-dependent
fashion. It does not completely habituate (13), al-
though under laboratory experimental conditions,
substantial apparent physiological habituation has
been reported (14). It also may be elicited by low
levels of sound with special significance (15).
Underactualworkingconditions, thephysiological
effects of the defensive response were found in
sawyers exposed to bandsaw noise (16). Another
laboratory study noted a decrease in blood eosino-
phile level reflecting a stress response after 25 min
exposure to 85 dB level noise (17).
The defensive response can become the stress
that leads to the General Adaptation Syndrome
that will be described more fully later with its
alarm, resistance, andexhaustion stagesifthe sound
stressor is ofsufficient duration, quantity, and qual-
ity (18). When this takes place the hypothalamic-
pituitary-adrenal axis is mobilized with resulting
increase in adrenal cortisol and epinephrine output.
Duringprolonged exposure to intense sounds, these
endocrine effects may produce gastroduodenal ul-
cers and renal changes in laboratory animals (1).
Next we will enumerate the critical variables
that determine whether or not sound stimuli be-
come stressors that produce human stress.
Sound as a Stressor
Modern urbanization, crowding, the mass media,
information technology, conditions ofworkandnoise
are overloading the human sensory environment
(19). Of these stimuli our interest is in sound,
particularly noise, although sound with meaning,
such as speech, also can contribute to overloading
an individual's processing capabilities. The progres-
sive increase in noise from industrial, traffic and
home sources, both machine and human generated,
has reached offensive proportions in the United
States (20, 21).
Noise essentially is unwanted sound. As such,
subjectively experienced noise is any sound that
produces annoyance or communication or task per-
formance interference. The same sound stimulus
maybeperceived subjectively as noise by some and
not by others. For this reason it is useful to define
objectively experienced noise as sound that pro-
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duces harmful bodily effects, which may ormay not
be subjectively perceived. This point is important
because noise can be subjectively or objectively
stressful, or both.
In information processing terms, noise is sound
that overloads the central nervous system's pro-
this state can be detected by changes in the electro-
encephalogram (27). The reception of a stimulus is
influenced by two kinds of cognitive state charac-
teristics, current transient influences and enduring
qualities of the individual.
The first characteristics are transient influences
that are more evident and easily measured than the
second type. They include level of mental arousal,
from sleep through alertness to anxiety; the con-
text of sensory stimuli arriving through the other
special senses; the motor context which includes
ongoing task performance, the activities of the in-
dividual; the meaning of the stimulus evoked by
associations from cerebral cortical memory areas;
the degree of perceived control of the stimulus,
whether one is able to control the situation is help-
less or expects failures (25) and social values and
attitudes toward the stimulus sources.
The level ofmental arousal is influenced whether
ornot asound stimulus is consciouslyperceived as a
stressor. Duringthe stage ofearly sleep, for exam-
ple, sound can produce orienting and defensive
responses and alter the quality of sleep without
causing awakening. At the other extreme, an anx-
ious individual can experience heightened sensitiv-
ity to a sound stimulus. For example, a study of
college age males rated on an anxiety scale dis-
closed that for subjects rated high on anxiety,
household noise levels were stressors as manifested
by impaired task performance and subjective frus-
tration (28).
The interaction of sound stimuli with other sen-
sory stimuli may be significant. For example, re-
lated visual stimuli enhance the effect of sound.
Clinically, sound can have an analgesic effect when
certain intensities and frequencies occur in the pres-
ence ofpain as is knowninthe practice ofdentistry.
The ongoing motor activity of an individual
influences cognitive state withhigherlevels ofarousal
by sound stimuli occurring while complex tasks are
being performed and lower levels of arousal occur-
ringwhen routine, monotonous activities are taking
place.
Forobvious reasons related to survival at aprim-
itive level the meaning of sound is one of the most
important factors that determines an organism's
response. Threatening sounds of any kind portend
potential danger, however, certain sounds acquire
particular significance because of their symbolic
meaning to the individual. Conversely, familiar,
295repetitive sounds of moderate intensity cease to
attract attention. Meaning connoting potential dan-
ger, then is related to unfamiliarity, rapid changes
in intensity, orlearned associations. Forexample, a
study of evoked auditory potentials in the brain
demonstrated that quickly changing acoustical events
produce prominent cerebral excitation. The study
also showed that sounds with symbolic meaning
were perceived as more annoyingthan meaningless
sounds of the same intensity and also produced
larger evoked cerebral potentials (29).
Ofparticular importance is the fact that habitua-
tion does not occur to repeated novel laboratory
stimuli that imply conflict or are coupled with an
instruction to pay attention to that stimulus. Even
covert associations with sound stimuli, such as a
subject's attitude toward the experimenter, may
decrease habituation (8). In addition, the symbolic
meaning of a sound stimulus can evoke irrational
responses, addingunconscious determinants ofmean-
ing (30, 31).
In addition to the meaning ofthe sound stimulus,
a sound's predictability is an important determi-
nant ofresponse. In one study, unpredictable noise
resulted in lowertolerance forfrustration andgreater
impairment ofperformance efficiency than predict-
able noise (32). Furthermore, those investigators
found that anindividual's abilitytocontrolthe noise
source, and even the beliefthat one could, reduced
the adverse impact ofunpredictable noise (8). They
postulated thatthe deleterious effects ofnoise were
afunction ofunpredictability and the beliefthat one
cessing capacity because it is too great in quantity,
appears too rapidly or is dissonant in meaning or
pattern. Noise is a commonly used standardized
stressor in laboratory testing designed to evaluate
human responses to stress (5, 22). In laboratory
STEP 1 STEP 2
animals, for example, it is used as a stressor to
produce lesions in the renal, reproductive and car-
diovascular systems (23).
Another illustration of the use of sound is in
stress studies such as the one by Cantrell, who
exposed healthyyoungmale volunteers tointermit-
tentnoiseforseveralweeks (24). He found significant
increases in plasma cortisol and blood cholesterol
levels in addition to associated annoyance and sleep
disturbance effects during prolonged exposure to
bursts of85 to 90 decibel noise.
We can use current approaches in stressresearch
tofacilitate ourunderstanding ofsound as astressor
(22, 25). In stress research the environmental condi-
tions and the intervening bodily structures and
processes that determine when and in what forms
stress reactions occur are taken into account (26).
The work of Rahe, although encompassing life
change in addition to sensory stressors, is particu-
larly useful in identifying specific variables that
should be taken into account in research on the
human effects ofnoise. Rahe developed alife stress
and illness model which identifies the key steps
along a pathway extending from a person's expo-
sure to a stressor to the eventual reporting of an
illness (25). Rahe's model (Fig. 2) utilizes the anal-
ogy ofa series ofoptical lenses and ifiters in which
stressors are depicted by a series of"light rays" of
different stimulus characteristics.
The influence of a person's perceptual state in
altering the experience ofa stressor is represented
by a "polarizing ifiter" shown in step 1. Possible
sensitization, or desensitization, of a person to a
stressor is indicated by changes in the "light rays"
as they pass through the ifiter. The psychological
defense mechanisms which appear to be capable of
"diffracting away" a stressor's impact are depicted
STEP 3
SOUND
STIMULI
COGNITIVE
STATE
PSYCHOPHYSIOLOGICAL
RESPONSES
DEFENSE
MECHANISMS
STEP 4 STEP5 STEP 6
STIMULUS W
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RESPONSE
REGULATION
DYSFUNCTION-
ILLNESS
BEHAVIOR DISEASE-
ILLNESS
MEASUREMENT
FIGURE 2. Rahe model of life stress and illness (25).
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diffracted pass on to produce avariety ofphysiolog-
ical reactions represented by the "black box" in
Step 3. The wavylines emergingfromthe blackbox
cease to represent specific stressors and begin to
indicate various psychophysiological responses to
perceived and "undefended" stressors. Next a"color
ifiter" shown in step 4 depicts how a person may
cope with or absorb certain of these physiological
reactions. Prolonged psychophysiological activations,
ifunabsorbed, lead to organ dysfunction and even-
tually to psychological and bodily symptoms. Symp-
tomatic individuals may then seek medical care. A
person's "focusing" of attention on symptoms is
indicated by the illness behavior "positive lens" in
step 5. If these symptoms are reported to health
personnel, the person receives a medical diagnosis
which then can be used as a measure of illness as
represented in Step 6.
The value of Rahe's model is that it incorporates
pertinent system levels in conceptualizing human
responses to stressors, ranging from organ system
to societal levels. It permits inclusion of both sub-
jective and objective data as well. Furthermore,
the model reflects clinical realities by recognizing
the social factors that influence whether or not
experienced dysfunctions become labeled as mani-
festations ofillness. For these reasons, we will use
Rahe'smodeltoelucidate keyvariables inthehuman
experience of sound as a stressor.
Cognitive State
Bearing in mind the preceding discussion of the
characteristics of sound experienced as noise, the
first step in processing a sound stimulus is the
cognitive state ofthe individual. Some variations in
this state can be detected by changes in the
electroencephalogram (27). Thereception ofastimu-
lus is influenced by two kinds of cognitive state
characteristics, current transient influences and
enduring qualities of the individual.
The first characteristics are transient influences
that are more evident and easily measured than the
second type. They include level of mental arousal,
from sleep through alertness to anxiety; the con-
text of sensory stimuli arriving through the other
special senses; the motor context which includes
ongoing task performance, the activities of the
individual; the meaning of the stimulus evoked by
associations from cerebral cortical memory areas;
the degree of perceived control of the stimulus,
whether one is able to control the situation is
helpless or expects failures (25) and social values
and attitudes toward the stimulus sources.
The level ofmental arousal is influenced whether
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ornot asound stimulus is consciously perceived as a
stressor. During the stage of early sleep, for
example, sound can produce orienting and defen-
sive responses and alterthe qualityofsleep without
causing awakening. At the other extreme, an
anxious individual can experience heightened
sensitivity to a sound stimulus. For example, a
study ofcollege age males rated on an anxiety scale
disclosed that for subjects rated high on anxiety,
household noise levels were stressors as manifested
by impaired task performance and subjective frus-
tration (28).
The interaction of sound stimuli with other sen-
sory stimuli may be significant. For example,
related visual stimuli enhance the effect of sound.
Clinically, sound can have an analgesic effect when
certain intensities and frequencies occur in the
presence of pain as is known in the practice of
dentistry.
The ongoing motor activity of an individual
influences cognitive state with higher levels of
arousal by sound stimuli occurring while complex
tasks are being performed and lower levels of
arousal occurring when routine, monotonous activi-
ties are taking place.
For obvious reasons related to survival at a
primitive level the meaning of sound is one of the
most important factors that determines an organ-
ism's response. Threatening sounds of any kind
portend potential danger, however, certain sounds
acquire particular significance because of their
symbolic meaning to the individual. Conversely,
familiar, repetitive sounds of moderate intensity
cease to attract attention. Meaning connoting po-
tential danger, then is related to unfamiliarity,
rapid changes in intensity, or learned associations.
For example, a study ofevoked auditory potentials
in the brain demonstrated that quickly changing
acoustical events produce prominent cerebral exci-
tation. The study also showed that sounds with
symbolic meaning were perceived as more annoy-
ing than meaningless sounds of the same intensity
and also produced larger evoked cerebralpotentials
(29).
Ofparticular importance is the fact that habitua-
tion does not occur to repeated novel laboratory
stimuli that imply conflict or are coupled with an
instruction to pay attention to that stimulus. Even
covert associations with sound stimuli, such as a
subject's attitude toward the experimenter, may
decrease habituation (8). In addition, the symbolic
meaning of a sound stimulus can evoke irrational
responses, addingunconscious determinants ofmean-
ing (30, 31).
In addition to the meaning ofthe sound stimulus,
a sound's predictability is an important determi-
297nant ofresponse. In one study, unpredictable noise
resulted in lower tolerance for frustration and
greater impairment of performance efficiency than
predictable noise (32). Furthermore, those investi-
gators found that an individual's ability to control
the noise source, and even the beliefthat one could,
reduced the adverse impact of unpredictable noise
(8). They postulated that the deleterious effects of
noise were a function of unpredictability and the
beliefthat one had little orno control overthe noise
source. A laboratory study of rhesus monkeys
exposed to noise disclosed that plasma cortisol
levels were significantly higher in animals with no
control over the noise source than in those with
control (33). Similar findings resulted from an
experimental study of humans performing mental
arithmetic problems under noise exposure (34).
The importance ofattitude toward the noise source
isillustrated by anotherstudyinwhich apositive or
negative attitude toward all aspects of one's com-
munity consistently influenced thereporting ofper-
ceived annoyance by noise positively or negatively
(35). In the same vein, a Swedish study disclosed
that propaganda promoting the importance of the
airforce diminished thereported annoyance levelsin
acommunity exposed tomilitary aircraft noise (36).
The second kind of variables that influence the
cognitive state of an individual are enduring back-
ground characteristics in the form of individual
differences in temperament and cognitive styles,
organic disease processes and mental illness.
Individual variations have been demonstrated in
the ways that sensory stimuli are processed. Some
individuals reduce and some augment the intensity
of stimuli, leading to low or high sensitivity to a
particular stimulus (19). Sensitivity to noise also is
correlated with empathic, creative, intellectually
orientedpersonalitytraits, confirmingSchopenhauer's
comment that "noise is a torture to people ofgreat
intellect" (37). Extraverted children may have a
higher level of noise tolerance than introverted
children (38). Moreover, individuals who express
criticism tend to report annoyance by noise (35).
Further evidence ofindividual differences in sensi-
tivity to noise is reflected by the finding that some
people thrive on noise which tends to synchronize
theirelectroencephalograms while mostpeopleshow
electroencephalographic desynchronization (39, 40).
Atthe other extreme, itislikely that 4 to 6 % ofthe
normal population is "noise sensitive," in the sense
that they do not adapt to noise at all (8). For all of
these types of individuals, noise has implications
detrimental to their mental health.
As an illustration of other background illness
characteristics, one study showed that cardiac in-
farction and schizophrenic patients showed greater
stress responses to noise as measured by cortisol
and urinary catecholamine levels than did normal
subjects (41). Similarly, persons with cerebral vas-
cular disease were found to be more susceptible to
the detrimental effects of noise than normal sub-
jects (42). Another unique group ofpatients harmed
by sound are those susceptible to audiogenic sei-
zures. Some are affected by sounds that produce
the startle response and others by sounds such as
music (43).
The role of psychiatric status in sensitivity to
sound was suggested in a study in which normal
subjects and patients with specific phobias showed
habituation ofphysiological responses to noise while
hysterical patients did not. Moreover, patients with
diffuse phobias, anxiety neuroses and agitated de-
pressions all habituated more slowly than normals
(44). In a general sense, another survey found that
psychiatric patients were more annoyed by noise
than normal subjects (45).
Defense Mechanisms
The next cluster of variables that influence an
individual's response to sound stressors are inter-
nal defense mechanisms noted in step 2 of Rahe's
model. In contrast with coping techniques which
are directed toward changing the stimulus envi-
ronment, the defense mechanisms are devoted to
maintaining homeostasis or internal equilibra, within
the person.
The defense mechanisms operate automatically
and unconsciously. The most primitive is the acous-
tic reflect which offers a small degree ofprotection
from high intensity sounds. Another example of a
physiological defense is cerebral cortical inhibition
such as was demonstrated in a study of laboratory
animals exposed to extreme sound which ultimately
produced convulsive seizures and lethal cerebral
hemorrhages. This study found that a seizure pro-
ducing epileptogenic focus of excitation arising in
the medulla was actively inhibited by the cerebral
cortex. When this inhibitory process was exhaust-
ed, seizures occurred (46).
In addition to these physiological defenses, psy-
chological defenses shield the individual from phys-
iological arousal and also play a significant role in
reducing sensitivity to sound. For example, the
psychological defenses ofrepression and denial can
minimize physiological responses as was found in a
study of patients in a coronary intensive care unit
(25).
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The next level, step 3 in the model, comprises
psychophysiological responses to sound stressors.
The psychophysiological responses can be divided
into two categories. First are responses within the
awareness ofthe individual, such as sweating, change
in heart rate and muscle tension. Second are those
responses which occur outside ofone's direct aware-
ness, such as changes in serum lipids, cortisol,
blood pressure and blood sugar levels.
The psychophysiological responses are manifes-
tations of the defensive response to sound, can be
immediate or delayed, and occur in interactional
patterns. Thus, studies of single physiological re-
sponses oversimplify the mixture of responses. An
example of an immediate psychophysiological re-
sponse to noise is the finding of elevated diastolic
and systolic blood pressures and urinary excretion
of norepinephrine metabolites in brewery workers
on days in which they deliberately did not wear
hearing protective devices (48).
Genetic and constitutional individual differences
may increase the likelihood that a particular organ
system will respond to stressors more than others
and over time lead to disease. There also may be a
critical period duringinfancy inwhich visceral learn-
ing takes place, adding conditioning ofan individu-
al's disposition to the physiological responsiveness
through a specific "target" organ system (49). For
example, in certain predisposed individuals, the
target organ isthe cardiovascular system, and sound
stimuliproduce intermittent increases inblood pres-
sure which may eventually cause structural changes
in blood vessels leading to permanent hypertension
(50).
Stimulus and Response Regulation
The next cluster of variables are stimulus and
response reduction mechanisms. These coping tech-
niques may deal with the stressor itselfor with the
physiological and emotional responses to it (51, 52).
Using ear protective devices is an example ofdeal-
ing with the stressor itself by reducing the recep-
tion of the sound stimulus.
If one becomes aware ofthe psychophysiological
responses, particularly if they are seen as threats
to health, deliberate response management tech-
niques can be employed. For example, muscle re-
laxation may "absorb" the muscle tension that con-
tributes to elevation in blood pressure.
In a broader social sense, stimulus regulation can
be achieved through an individual's participation in
community, industrial and consumer efforts to acous-
tically condition home and working environments
and manufactured products.
Dysfunction: Illness Behavior
In step 5 in the model, the lack or failure of
defense mechanisms and regulationtechniques play
important roles in producing dysfunction. The con-
cept of sensory and information input overload is
useful in understanding how the central nervous
system responds when defense mechanisms and
regulation techniques fail to adequately screen in-
coming stimuli. In this conception sensory inputs
are the sound stimuli and information inputs are
sounds with symbolic, message containing mean-
ing. Overload results from an excess ofthe number
or rate of sensory or symbolic stimuli or both.
Human experiments have shown the disorganiz-
ing and psychotogenic effects of sensory overload.
Experimental exposure to intense visual and audi-
tory sensory overload produces dramatic effects in
the form ofheightened and sustained arousal, mood
changes, illusions, hallucinations, and body image
distortions (19).
Sensory and informational sound overload also
are commonplace inmodern, urbanliving(53). Jets,
air compressors, sirens, rock and roll music and
road traffic are generally unpredictable and often
uncontrollable sources of stimulation that contrib-
ute to making the sound of our environment inimi-
cal to mental well being. Low frequency noises
have effects similar to the more familiar piercing
high frequency sounds (54, 55).
A typical household vignette illustrates the un-
recognized importance of sound sensory and infor-
mational overload in our lives. The washing ma-
chine provides a steady hum, the clothes dryer
suddenly begins to vibrate; then the telephone jan-
gles while the delivery boy rings the doorbell; ajet
aircraft rumbles overhead and automobile horns
are heard, atelevision set blares in the background;
and amidst this confusion, children begin to fight,
cry and scream. The overall noise level is not high
by hearing damage risk criteria, but a homemaker
can attest to the resulting frustration, irritability
and even anger. Over time, one manages to adapt
to this noise routine. However, one makes errors in
balancing the checkbooks, screams at the children
for minor transgressions, is irritable with one's
spouse, and generally shows symptoms ofstress by
the end of the day. Furthermore, when one be-
comes resigned to a lack ofcontrol over one's envi-
ronment, the resulting "learned helplessness" itself
may become a stressor and contribute to additional
symptoms of depression (10, 56).
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work for understanding the body's responses to
sensory and information input overload (18). His
terms stressor and stress are comparable to stress
and strain in physics. In his view stressors produce
two types of changes in the body. The first is a
primary nonspecific change in an organ system
called the "Local Adaptation Syndrome." This local
adaptation occurs repeatedly in normal living. For
example, running produces stress in the musculo-
skeletal and cardiovascular systems. The resulting
exhaustion is reversible through rest.
The second change is the "General Adaptation
Syndrome" which is activated by intense and per-
sistent stressors that produce a specific effect on
the adrenal glands, thymus and stomach. The fully
developed general adaptation syndrome consists of
three stages: an alarm reaction, a stage of resis-
tance and an ultimate stage ofexhaustion. Extremely
severe stress can lead rapidly to exhaustion and
death.
Stressors, then, set in motion adaptive responses
which maintain biological and psychological homeo-
stasis. In addition to specific organ system respons-
es, a relatively stereotyped set of neuroendocrine
reactions contribute to the development ofthe gen-
eral adaptation syndrome. Most prominent are in-
creased secretion of the adrenal cortical hormone,
cortisol, and increased activity of the sympathetic
nervous system, including increased secretion of
epinephrine bythe adrenalmedulla. Theincrease in
sympathetic nervous system activity prepares the
individual for "fight or flight." The net effect of
these responses is to mobilize nutrients, such as
glucose from the liver and fatty acids from fat
tissue, to "arouse" the central nervous system, to
provide more oxygen and nutrients to skeletal mus-
cles, to increase contractibility of skeletal muscles
and to increase coagulability of the blood. When
these responses are persistent, the sustained ef-
fects of cortisol may appear in the form of gastric
ulceration, inhibition of immune responses, hyper-
tension, atherosclerosis, sterility and personality
changes (57). Most stressors act for a limited time
and produce changes corresponding to the first and
second stages of Selye's syndrome. The complete
general adaptation syndrome results in a specific
set of physical changes: enlargement of the adre-
nals, shrinkage ofthe thymus and lymph nodes and
ulceration ofthe stomach.
Selye's conception helps to explain that subjec-
tive experience and physiological responses to
stressors can appear to have returned to normal or
pre-stressor levels during the second stage ofresis-
tance. This point is essential in understanding the
phenomenon ofhabituation which has been repeat-
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edly observed in experimental studies of human
responses to sound as a stressor (8, 14). Habitua-
tion may reflect the completion ofa local adaptation
syndrome cycle with restoration of normal bodily
functioning. On the other hand, it may reflect a
stage ofresistance during which the body is moving
into the full general adaptation syndrome which
gains a momentum of its own and exacts a physio-
logical cost through the development ofdysfunction
of the various organ systems.
A stimulus appraised as threatening gradually
loses its capacity to arouse an emotional response if
it is reappraised on repetition as less harmful and
results in adaptation (26). This surface adaptation
may be deceptive, however, and continued expo-
sure to the stressor may produce cumulative effects
that appear after stimulation is terminated. This
may be in the form of strain induced by the adap-
tive responses themselves. In spite of adaptation,
then, stressors may cause biological and behavioral
aftereffects following cessation of the stimulus (8).
Laboratory studies of the physiological and be-
havioral reactions to noise indicate that adaptation
(habituation) generally takes place in healthy sub-
jects. There is laboratory evidence, however, which
suggests that some components of physiological
responses to noise do not habituate completely (58),
although this work has been questioned (14). It is
important to distinguish between the tension re-
sponse ofan organism to stressors and stress which
is a dangerous condition resulting from failure to
manage tension effectively (59).
Another factor should be taken into account.
More than lower animals, human reactions to
stressors not only depend upon the direct impact of
stimuli themselves but also on associated cues that
signify the meaning and consequences ofthe stimu-
li. Human stress, therefore, must be defined in
terms of transactions between a stimulus and an
individual's reaction to the situation.
The fact that sound stimuli are processed cogni-
tively, therefore, introduces the important concep-
tion that psychological stressors, such as the antici-
pation of harm, can strongly influence human
responses to sound stressors (52). Activation ofthe
neuroendocrine system usually depends upon the
individual's recognition of a stressor as a threat.
The auditory system, however, like heat or cold
stressors, automatically activate the reticular acti-
vating system and thence can evoke autonomic-
neuroendocrine responses.
Dysfunction resulting from sound stressors, then,
may be the direct result of the sound stressor
situation or may indirectly result from the activa-
tion and progress of the general adaptation syn-
drome. Dysfunctionmaybesubjectivelyexperienced
Environmental Health Perspectivesas symptoms, for example, annoyance and tinnitus,
or be objectively demonstrable as physical signs,
for example, elevated blood pressure and hearing
loss. At the same time subjective reports of inter-
ference with task performance and speech commu-
nicationalsocanbe accompanied byobjective changes
in cerebral responses on the electroencephalogram
(27).
Human dysfunction can be categorized according
to the influence of noise on five basic, interrelated
functions that influence the well being, or mental
health, of an individual: (1) hearing, (2) sleep,
(3) taskperformance, (4) speechcommunicationand
(5) emotional state.
Hearing. The effects of noise on hearing in the
form oftemporary and permanent threshold shifts
andprogressive deafnessarewelldocumented(60-62).
There are three levels of hearing at which loss of
acuity can occur: the primitive, warning, and sym-
bolic (63).
The primitive level includes the familiar back-
ground sounds of one's every day environment.
Loss at this level constitutes a form of sensory
deprivation and may lead to a sense of isolation.
Loss ofhearing at the warning level contributes to
a sense of insecurity and physical vulnerability in
the environment. Loss at the symbolic level inter-
feres with interpersonal communication and may
result in social isolation, withdrawal and depres-
sion. Overlap between levels ofhearinglossmagnifies
the psychological impact on the affected individual.
In addition the needtowearahearingaidinitself
may cause self-consciousness and undermine self-
esteem. The emotional and psychological reactions
to hearing loss accordingly are threats to an indi-
vidual's mental health (13, 64, 65).
In a more general vein, the loss of hearing with
aging (prebycusis) has been related in part to noise
exposure in urbanized societies (66, 67).
Sleep. Chronic sleep disorders detrimentally af-
fect health and well-being. A major portion ofcom-
plaints about noise arise from disturbance of rest
andsleep (31). The Environmental ProtectionAgency
Urban Noise survey found that 28% ofthe sampled
population experienced sleep disturbance which also
was rated as the most annoying effect ofnoise (20).
Similar findings have been reported by other sur-
veys (68-71).
The electrophysiological response to noise tends
to decrease during exposure to noise during sleep,
however, autonomic responses do not (31, 72). This
has been shown in a study in which cardiovascular
responses did not habituate to traffic noise experi-
enced by sleeping subjects (73). In sleep, noise
evokes the same orienting response in the form of
EEG arousal and changes in heart rate, GSR and
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finger vasoconstriction as during waking without
its voluntary motor component (31).
The evidence also is clear that noise exposure
during sleep lightens the level of sleep, especially
for subjects of an anxiety-introversion personality
type (27, 70, 74). Sleep disturbances have been
reported in response to low frequency noise in the
20-1000 Hzrange (55). Intermittant noise abovethe
mean background level has a greater effect than
louder, more continuous noise on vegetative func-
tions (75). Age and sexin addition to sleep stage are
critical factors in determining the physiological
responses ofnoise sensitive individuals. Older sub-
jects and women are more sensitive than younger
subjects and men. Moreover, sounds with meaning
tend to awaken subjects at lower intensities than
those without meaning (76).
A study devoted to the next day effects of
noise-exposed interrupted sleep showed impaired
performance of tasks affected by the lack of sleep.
There also is suggestive evidence that noise experi-
enced during the waking hours may reduce the
duration of sleep ofsusceptible persons (77).
All of these findings suggest that susceptible
persons may be affected by noise occurring during
sleep as well as during the waking state. For night
workers, mothers with babies and elderly persons,
day and nighttime noise can be a significant prob-
lem (31).
TaskPerformance. There is little evidence that
significant performanceimpairment on simple tasks
occurs under continuous noise below 80 to 90 dB
(77). Unpredictable orintermittentnoise, however,
does affectperformance at evenlowerlevels (78). It
is well established that noise has a negative effect
on work tasks that involve listening or conversing
(79). Adverse effects occur with complex, multi-
component tasks that require prolonged vigilence
or continuous performance and those in which
information content is high. Under these circum-
stances, impairment oftaskperformance persisting
after exposure to noisy environments has been
reported (80, 81).
Evidence has accumulated regarding noise inter-
ference in the school performance ofchildren When
children are involved in complex activities requir-
ing precise movements and intense concentration,
noise produces inattention and impaired task per-
formance (82, 83).
A study of the effects of noise generated by
expressway traffic in homes showed higherreading
achievement for children exposed to lower ambient
noise levels (84). Another study suggests poorer
task performance by young children from noisy
than quiet homes (85).
A study compared children from schools and
301homes with noise levels of87-99 dBA with those of
48-65 dBA levels. The children in the noisy envi-
ronments showed increased distractibility and im-
paired achievement in school. Over a period offour
years they became more distractible, indicating
increased sensitivity to noise with the passage of
time (86, 87). Children exposed to high noise levels
in schools also attain lower reading achievement
than those with low noise levels (88-90).
One study ofpreschool children found that reflex
motor reactions to sound and light stimuli were
delayed in those exposed to moderate background
levels. The children with the higher noise level
required more time in task performance as well
(91).
All of these performance effects influence an
individual's attitude toward work and may consti-
tute additional stressors in themselves, contribut-
ing to frustration and stress reactions.
Speech Communication. Interference with com-
munication through speech not only creates per-
sonal frustration but has consequences in social
interaction. Individuals react to noise levels that do
not completely interfere with intelligibility. Noise
accordingly may reduce efforts to converse, lead to
repeated speech, and ultimately to withdrawal (92).
The hearing impaired are particularly susceptible
to these reactions (93). Interference with communi-
cation between teachers and children in air traffic
exposed schools also has been found (94).
Children's speech acquisition and language de-
velopment may be impaired since the repetition of
speech needed to develop these skills is reduced as
background noise level increases. Noise accord-
ingly may interfere with the perception of speech
by young children and affect the acquisition of
language. More than adults, children depend upon
the clearperception andrepetition ofspeech sounds
during early learning periods (61).
Emotional State. The most prominent subjec-
tive emotional response to noise is annoyance, a
commonly reported but difficult to describe and
quantify emotional state. Research on annoyance is
hampered by the ambiguity ofthe term and the fact
that one can be annoyed by noise itself or by its
symptomatic and behavioral consequences. Arhlin
relates annoyance to the direct effects, such as
hearing loss, sleep, task performance and speech
interference, and the indirect effects ofnoise, such
as blood pressure elevation, headaches, fatigabili-
ty, anxiety, depression and accident risk (95).
A standardized definition ofannoyance is needed
because each study tends to report annoyance in a
different way. In its most specific sense annoyance
is an emotion with a protective function. It moti-
vates an individual to try to avoid or influence the
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sound stressor. Like discomforts such as pain, chill
and warmth, annoyance serves to warn an individ-
ual of unpleasant or harmful environmental condi-
tions. Annoyance also can be produced by interfer-
ence with task performance sleep and somatic
symptoms. The direct experience of annoyance by
noise itselfdiffers from indirect annoyance because
of a headache.
Annoyance directly related to noise, then, is an
unpleasant emotion experienced as irritability and
is a form ofanger or hostility related to the state of
the individual in a particular social and environ-
mental context. For example, the sound of the
barkingofone's own dogmay be less annoyingthan
the barking of a neighbor's dog. In another vein,
some experimental subjectsrefused to continueina
noise study because they perceived it as unpleasant
(8). There also is a tendency to regard sound as
noise at work more than at home (96). Because of
this relationship to the peculiarities ofthe context,
annoyance canbe expected to varyinits occurrence
and reporting.
Annoyance is heightened when noise is perceived
as unnecessary; when those responsible for the
noise are perceived as unconcerned about the
exposed population's welfare; whenotheraspects of
the environment are disliked; when noise is be-
lieved to be harmful to health, and when noise is
associated with fear (10).
Although defined differently from studyto study,
annoyance is acommonlyused conceptin surveys of
community responses to noise. The tendency is to
define annoyance of the respondents in terms of
physiological responses, although a scale has been
developed that excludes somatic symptoms (45). It
can be inferred then that the more annoyed a
respondent the greater the physiological reactions
the person is experiencing. Direct physiological
measurements would be preferable to subjective
reports, however, the stage of this research is not
sufficiently advanced to permit the specific mea-
surement of noise induced stress isolated from
other environmental stressors.
The evaluation of annoyance is further compli-
cated. Not only is it an ambiguous concept, but
respondents are influenced by the questions they
are asked. For example, more positive responses
were obtained when people were asked if aircraft
noise produced specific symptoms than if asked
about symptoms without suggestingaconnection to
aircraft noise (97, 98). When annoyance was ana-
lyzed according to attitude, activity interference
and symptoms, McKennel found that 65% of his
sample reported feeling annoyed, 35% reported
interference with activities and 5% reported symp-
toms (99).
Environmental Health PerspectivesAlthough methodological problems are important
in assessing studies of reported annoyance due to
noise, a number of surveys suggest that between
30% and 40% of urban dwellers are regularly
annoyed by noise (20, 21, 31, 96, 100). In the flight
pattern of Heathrow airport in London, 65% re-
ported annoyance (99).
Noise in industrial situations also may induce
what has been described as an "astheno-vegetative
syndrome" in the form of increased fatigability,
decreased capacity for focusing attention and slow-
ing of motor reactions (101).
Disease: Illness Measurement
In step 6 of the model, whether or not people
define themselves as ill depends upon individual
and cultural attitudes toward assuming the patient
role. These personal and social factors influence
whether or not an individual minimizes or exagger-
ates symptoms and adopts "sick" behaviors such as
missing work and seeking health care. The critical
step for defining illness, then, occurs when health
care is sought and a diagnosis is established. This
point is the entree for measuring illness resulting
from sound induced stress.
There is an inevitable gap between laboratory
studies of the immediate and delayed effects of
noise on health. Still, some investigators regard
noise pollution in densely populated areas as a
social danger comparable to that ofknown ingested
carcinogens and air pollutants (102). Imposingprob-
lems, however, stand in the way of proving this
thesis as illustrated by methodological criticisms of
a study which found that people residing near the
Los Angeles International Airport had a higher
death rate from stress related diseases than a con-
trol population (103).
More specifically, European research on indus-
trial noise has identified a cluster of symptoms
encountered byphysicians and referred to as "noise
sickness" (31, 104). This syndrome is manifested by
tinnitus, increased sensitivity to noise, fatigability,
lowering ofgeneral resistance toillness, headaches,
irritability, sleepinterference, "heart pains,"weight
loss, tremors, digestive disorders and ultimately
hearing loss. These symptoms are based upon the
stress responses of the auditory, autonomic, car-
diovascular, endocrine, andgastrointestinal systems
and precede the actual loss of hearing.
Although short-term studies showthat workper-
formance can be maintained undernoisy conditions,
the more important consideration is the long-range
effect ofnoise on health. The European data appear
to show that complete physiological and psychologi-
cal adaptation toprolonged noise exposure does not
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occur. The person reacts unfavorably to noise from
the beginning, and adverse reactions progressively
increase with the passage of time. This is most
evident in work requiring complex task performance.
Because of the cumulative negative effect on one's
state of health, the adaptation of many individuals
working in noisy environments exacts a health cost
(101).
For convenience we will briefly summarize the
relationship between noise exposure and (1) men-
tal illness, (2) cardiovascular disorders, (3) gastro-
intestinal disorders, (4) neurological disorders and
(5) fetal abnormalities.
Noise and Mental Illness. The role of noise in
mental illness is most difficult to assess. Several
studies ofmentalhospitals inthe vicinityofHeathrow
Airport in London disclosed a small but significantly
higher admission rate than those in less noisy areas
(105-107).
Another piece of evidence relating a form of
mental illness to noise is through an indirect rela-
tionship between noise induced hearing loss and
mental illness. Acquired deafness forces a change in
life style toward greater social isolation and leads to
an over-representation of mental illness in deaf
people of all ages. One study found that 46% of a
group of elderly deaf persons were paranoid and
21% had affective disorders (65).
On the other hand, noise-related annoyance in
itself probably is not a cause of mental illness,
although psychiatric patients do constitute a vul-
nerable group to the adverse effects of noise. So-
matic and emotional symptoms associated with an-
noyance by noise are significant, however (45). The
consumption oftranquilizers and sedatives has been
used as an index ofthese symptoms resulting from
noise exposure. Greater usage ofthese medications
have been found in air and road traffic areas ex-
posed to high levels of noise (69, 99, 108, 109).
Noise and Cardiovascular Disorders. There is
a consistent correlation between prolonged expo-
sure to high intensity industrial noise and an in-
creased prevalance ofhypertension, as demonstrated
by over 40 studies (110). The risk increases with
advancing age and increasing years ofemployment
for both men and women. The risk also is greater
under circumstances ofintermittent impulse or im-
pact sound than continuous or relatively steady
sound. There is significant confirmation underactual
living and laboratory conditions of the association
between high intensity sound and cardiovascular
disorders in children and adults (10, 69, 111, 112.
More specifically, prolonged noise exposure pro-
duced sustained elevations in blood pressure in a
controlled experimental study of Rhesus monkeys.
A carefully designed and monitored study of mon-
303keys exposed for nine months to a continuous noise
environment simulating that ofurban factory work-
ers disclosed significant, sustained elevations in
blood pressure levels and alterations in diurnal
blood pressure rhythms (113). These changes per-
sisted after discontinuing exposure to the noise
environment, suggesting a basis for long-term noise
effects on the cardiovascular system in humans.
Since Borg's study disclosed that lifelong exposure
to high noise levels did not produce hypertension in
rats (114), this study of primates is important be-
cause it bears a closer relationship to the human
situation.
The fact that all persons exposed to noise do not
show cardiovascular disorders is consistent with
the likelihood that noise affects the health of sus-
ceptible individuals when combined with other
stressors, such as work pressure and population
density. Furthermore, environmental stressors are
most likely to affect people who are unable to
control them. Thus, people in institutions, with low
incomes and low levels of education and children
are especially likely to show adverse reactions from
noise exposure (10).
NoiseandGastrointestinalDisorders. The data
presently available are insufficient to justify judg-
ments about the role oflong term noise exposure in
gastrointestinal disorders (110). The European lit-
erature on industrial noise, however, strongly sug-
gests such a relationship (10, 101).
Noise and Neurological Disorders. A number
ofinvestigators report neurological changes associ-
ated with long-term occupational noise exposure
(110). The principal signs include: autonomic imbal-
ance such as dematographism, hyperreflexia, hy-
perhydrosis, and hand and eyelid tremors; an al-
tered sense ofbalance; decreased tactile sensitivity
of the hands and feet; decreased stimulus reaction
time; a decreased reactivity to visual stimuli; and
obscuring ofregionalactivity in the electroencepha-
logram.
An uncommon neurological disorder that is di-
rectly affected by auditory stimulation is the audio-
genic seizure syndrome (43). In individuals with
this disorder seizures are precipitated by certain
sounds.
Noise and Fetal Abnormalities. The human
fetusperceives andrespondstoenvironmentalsound
in utero as reflected in motoractivity and heart rate
change. In the last trimester of pregnancy, the
fetus can be conditioned by external sound stimuli.
Maternal anxiety related to noise can produce in-
creased fetal activity. A possible subtle prenatal
effect of maternal anxiety induced by noise expo-
sure could be infants who are hyperactive and have
dysrhythmic temperaments (115).
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In experimental animals, maternal and fetal ab-
normalities have been linked to noise (116). At this
time, however, the evidence ofthe adverse effect of
noise on the human fetus is suggestive but not
established (117, 118).
In summary, the data on the health effects of
noise indicate that sound exposure ofmore than 3 to
5 years with intensity levels of85 dBA to 90 dBA is
associated with increased health risk. Furthermore,
the adverse physiological effects of noise surface
before damage to hearing appears suggesting that
attention to the physiological effects of noise may
well enhance the prevention of noise induced hear-
ing loss.
The effects of noise on children deserve special
attention because children do not spontaneously
reportthem, havelittleawarenessoftheirsignificance
and cannot significantly influence their environments.
The evidence is that children may be particularly
susceptible to noise-induced developmental and learn-
ing impairment which have long-range implications
for later life (10).
For those who choose to question the health
implications of noise, we must recognize that posi-
tive proof of cause and effect between a stimulus
and human disease can never be established in the
strictest experimental sense because of the multi-
tude ofinterveningvariables. Research inthe health
sciences differs fundamentally fromthat ofthe phys-
ical sciences. In even the most sophisticated epide-
miological survey, a correlation remains a correla-
tion. Species differences always exist and must be
consideredineventhemostconvincinganimalstudy.
For ethical reasons these are the only kinds of
research evidence we are likely to have. We need
further research to illuminate specifics but not to
prove that noise is a significant threat to human
health.
Implications
Our thesis is that research on, and efforts to
prevent or minimize, the harmful effects of noise
have suffered from the lack ofa full appreciation of
the ways in which humans process and react to
sound. In an effort to stimulate more comprehen-
sive approaches, we have described an integrated
model of the auditory processing of sound based
upon current knowledge of neuroanatomy, neuro-
physiology, neuroendocrinology and human stress.
Piecemeal research on narrow aspects of noise-
related problems has led to conflicting conclusions
that either minimize or exaggerate the significance
of noise for physical and mental health. The desig-
nation of the general physiological effects of sound
as "nonauditory" has been particularly misleading
Environmental Health Perspectivesto the general public. Because ofthis fragmentation
and ambiguity, definitive action has been stymied
by misunderstanding of the economic, social, and
personal costs of noise control efforts. Underlying
theconfusionisthefailuretoappreciatethat, beyond
human communication, sound plays a vital role in
the physiological functioning of the body.
As is true with otherhuman problems, additional
inevitable resistances to facingand remediating the
untoward effects of noise have been encountered.
This is particularly because the root causes ofnoise
pollution are the imposition of modern technology
and population pressures on natural human living
conditions. Solutions accordingly require adjustments
in styles ofbehavior and living. Even though short
range inconveniences may lead to long range be-
nefits, the human tendency is to resist change and
maintain the status quo. Workers fail to wear pro-
tective hearingdevices, manufacturers donotacous-
tically condition products and government does not
adequatelyenforce standards. Moreover, the human
capacity to adapt to noisy environments masks the
magnitude of the problem. Hearing loss in itself
further may reduce awareness of noxious sounds.
These resistances are important determinants of
ambiguities in the measurement of community re-
sponses to noise (119).
Webelieve thattheparalysis ofeffective actionis
not a result of lack ofknowledge but of a failure to
integrate and articulate existing knowledge so that
compelling reasons can stimulate the motivation
needed to implement changes. For this reason,
education of the public and workers in the field is
the most important need today.
The compelling reasons for action are the facts
that substantial groups of the population are vul-
nerable to adverse health effects from noise, that
the quality oflife is generally eroded by annoyance
from noise, that sleep is disrupted, that productiv-
ity is reduced, and that the education ofchildren is
affected by noisy environments.
Without question noise can be a stressor and
consequently an important underestimated pollu-
tant ofmodern society as are chemicals and particu-
late matter that pollute the air, water, and food.
Moreover, noise significantly affects the human ner-
vous and endocrine systems. Because these sys-
tems are capable ofsophisticated short range adap-
tive maneuvers, the harmful effects of noise, like
other pollutants, usually become evident at later
points in time. Noise is one of the main sources of
sensory overload for city dwellers and industrial
workers (19).
More than other pollutants noise interacts with
other sensory stressors, population density, life
change and life circumstances. Thus, noise plays an
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aggravating role in addition to stress generated by
environmental conditions and attitudes toward them.
These complex interactions have led to despair in
ferreting out the exact role of noise in stress in-
duced dysfunctions. When seen in the context ofall
of these factors, however, noise often emerges as
the one most accessible to preventive and remedial
action. This is reflected in the already existing
federal, state, and local noise control measures.
Actually, there is little more that needs to be
known. The problem lies in the lack ofcoordination
between acoustical engineering, urban planning,
health, architecture, audiology, and other related
professional disciplines.
There are essentially three points ofintervention
in noise control: reducing sound emission from the
source, blocking sound transmission fromthe source
to the ear, and protectingthe earitselffrom receiv-
ing the sound. Practical considerations limit the
reduction of sound emission from industrial, traffic
and aircraft sources. Still, acoustical conditioningof
working and living environments can effectively
reduce transmitted sound. Finally, sound can be
effectively blocked at the level of the ear through
protective hearing devices. By intervening at any
or all of these levels there are few noise problems
that cannot be effectively managed today. Thus,
the problem is not that remedies are unavailable or
too costly, but that the least expensive ones are not
being used.
The multifaceted nature of solutions to the noise
problem involves the cooperation ofthose who gen-
erate and those who are affected by noise. We
cannot realistically expect dramatic reductions in
the sources of noise pollution (120). Unlike other
forms of environmental pollution, however, indi-
viduals can minimize the adverse effects of noise
upon them. To the extent of economic feasibility
industry should more actively reduce noise emis-
sion at the source by machines, vehicles, and appli-
ances. Beyond thatpoint, individuals can and should
protect themselves from harmful sounds through
acoustical conditioning and sound occluding ear de-
vices.
The fundamentalproblemis one ofattitude atthe
levels of government, industry, consumers, and
healthcareworkers. Noisealreadyhasbeenidentified
as a national hazard by Congress in the form ofthe
Noise Control Act of 1972 and the Quiet Communi-
ties Act of1978. Federal standards for new product
noise emission, labeling requirements, and state
and local regulations are being promulgated (121-
123). Yetunachieved, however, ispublic awareness
ofthe significance ofnoise pollution. An attitude of
helplessness prevails leading to either resignation
to the existence of noise or escape from it by
305moving out the urban areas or changing jobs. Un-
appreciated is the fact that citizen initiatives, com-
munity organization, labor union bargaining, con-
sumer demand, and personal efforts can create a
climate in which an attitude of mastery over noise
rather than helplessness can be achieved.
The basis now exists for public, consumer and
labor expectations that acoustical conditioning be
given priority equivalent to air conditioningin hous-
ing and industrial construction and in machine and
appliance manufacturing. The problem lies simply
in a lack of awareness of the importance of these
factors. People have become accustomed to accom-
modating to noise through bodily defense mecha-
nisms and lack an understanding of the personal
and governmental resources available to them. Cit-
izens do not fully appreciate that, negative research
findings and preoccupation with the details ofmeas-
uring community annoyance notwithstanding, they
have the right to determine the quality of their
lives and to be free from the harrassment of noise
generated by industrial, vehicular, office, airport,
and household appliance sources.
Summary
The fundamental purposes ofhearing are to alert
and to warn. The auditory orienting response, star-
tle reflex and defensive response translate sound
stimuli into action and sometimes into stress in-
duced bodily changes. In the course ofhuman evo-
lution the additional purposes of communication
and entertainment developed as sound assumed
symbolic meaning.
The brain's processing ofsound has been outlined
as the biological and psychological basis for the
effects of sound on the body. An integrated model
then was presented for analyzing the impact of
sound as a stressor on the body and for identifying
key variables for research on the health effects of
noise. In addition to the characteristics ofthe sound
stimulus, a variety of personal and social factors
determine whether or not noise becomes a stressor.
The cognitive state, defense mechanisms, psycho-
physiological responses and stimulus and response
regulation techniques ofthe individual person play
vital roles. When the tension induced by sound
persistently alters the homeostasis ofthe neuroen-
docrine system, a state of stress results with ac-
companying dysfunction in hearing, sleep, task per-
formance, speech communication, and emotional
state. When dysfunction leads to the assumption of
thepatientrole, stressinducedillnesscanbeidentified
in the form of the suggested syndrome of "noise
sickness;" cardiovascular, neurological, and gastro-
intestinal disorders; and possibly aggravated men-
tal illness and fetal abnormalities.
Noise is a stressor and an important, largely
unrecognized, pollutant of our environment. Our
quality of life generally is eroded by annoyance
from noise, and substantial segments ofthe popula-
tion are vulnerable to its adverse health effects.
More specifically, sleep is disrupted, productivity is
reduced and the education and development of
children is affected by noisy environments.
The prevention and reduction of noise pollution
need not await further knowledge. The technology
for reducing noise emission, acoustically condition-
ing environments and protecting hearing now ex-
ists. The problem is the lack ofpublic awareness of
the significance ofnoise pollution and solutions toit.
The challenge is to convert through education a
public attitude of helplessness to one of mastery
through citizen initiatives, labor union bargaining,
consumer demands and personal efforts to adopt
the most feasible noise and noise response control
measures.
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